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(. Basis of the report 



L Wilh regard to the elements of the international application:* 
pj the international application as originally filed 
[X*] the description; 



Pages M, 3-12 
pages 



pages 4..4A.. 



, aieo wtth tfte letter pi. . Feb 27, 2001 



, as originally filed 
' , filed with the demand 



E 



the claims: 
pages 13 , 14 

pages 

pages 

pages , 



, as originally filed 

, as amended (together with any statmem) under Article 19 

, filed with the demand 



, filed with the letter of 



pTj the drawings: 
pages 1/4-4/4 

pages 

pages 



, as originally filed 
, filed with the demand 



, filed with the letter of 



n the sequence listing part of the description: 

pages - 

pages " 

pages 



, as originally filed 
, filed with the demand 



, filed with the letter of 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
• the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is 

[ ) the language of a translation furnished for the purposes of international search (under Rule 23, 1 (b)). 
) | the language of publication of the international app!ication(under Rule 48.3(b)). 

□ the language of the translation furnished for the purposes of international preliminary cxamination(under Rules 55.2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

contained inthe international application in written form. 

filed together with the international application in computer readable form. 

furnished subsequently to this Authority in written form. 

furnished subsequently to this Authority in computer readable form 

The statement that the subsequently furnished written sequence listing does not go beyond the disc losure in the 
international applications as filed has been furinshed. 

The statement that the information recorded in computer readable form is identical to the written sequence listing has 
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□ 
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□ 
□ 

□ 



been furnished. 



The amendments have resulted in the cancellation of: 

.D the description, pages 4 
PI the claims, Nos. " 
I — | the drawings, sheet 



5. Q This opinion has been drawn as if (some of) the amendments had not been made, since they have been considered to go 
beyond the disclosure as filed, as indicated in the Supplemental Box(Rule 70.2(c)).** 

• Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
In this opinion as "originally filed" and an not annexed to this report since they do not contain amendments (Rules 70.16 
and 70 J 71 

* * Any replacement sheet containing such amendments must be referred to under Item I and annexed to this report 
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v. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



I. Statement 

Novelty (N) Claims K 2 > _ YES 

Claims 3 . " NO 

" Inventive step (IS) Claims 1 « 2 - 4 * 6 ' YES 

Claims • NO 

Industrial applicability (IA) Claims W . YES 

Claims . NO 



2. Citations and explanations (Rule 70.7) 

D •■ Salmon et al (Protein Expr Purif. vol. 9 : 203. 1997) 

I. Novelty and Inventive step 

The present invention defined by claims relates to a recombinant human lactoferrin produced by 
using an insect cell, Sf 9, and to a method producing the same. Additionally, it includes a method 
to verify the biological activity of a. recombinant lactoferrin by measuring extinct rate of 
disease-causing germs through the mixing experiment. 

Previously, Salmon et al (1997) have demonstrated the expression of human lactoferrin in Sf9 cells 
using baculovirus. Compared with the prior art, the present invention not only adopts the more 
stepwised method to produce recombinant lactoferrin but also shows the more efficient production 
system (250mg/l vs. 15mg/l). In addition, the verification method of biological activity in the 
present invention has not been disclosed in the prior arts. Therefore, claim 1, 2, 4-6 seem to 
satisfy the requirement of Article 33(2) and (3) of PCT 

However, human lactoferrin presented in claim 3 is considered to be the same material disclosed in 
the work of Salmon et al. Moreover., human lactoferrin itself is the well-known material as 
described in Specification of the present invention (pi, line 14). Therefore, claim 3 fails to 
meet the requirement of Article 33(2) of PCT. 

IK Industrial Applicability 

The subject matter of claims 1-6 meets the criteria set out in Article 33(4) of PCT. 
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It is also of great importance to verify the biological activity of the produced 
recombinant lactoferrin, since the normal bacteria or yeasts are mostly improper as a host 
due to the anti-bacterial activity of lactoferrin itself and, if used as a host, inadequate to 
industrial uses in such a small quantity available. To solve this problem, Ward et al. 
5 (1992) successfully produced the recombinant lactoferrin using fungi such as Aspergillus 
indulans or oryzae. But, there was a limitation in that the lactoferrin was expressed in 
such a small amount of 5 to 25 mg/1 in relation to the lactoferrin expressed from an 
insect cell. Furthermore, because the recombinant lactoferrin produced from the fungi 
was analyzed for its biological activity only in terms of affinity with Fe 58 labeled with 

10 radioactive isotopes, there was still remained a question as to whether the recombinant 
lactoferrin actually had an anti-bacterial action on the pathogenic microorganisms. 

Meanwhile, studies concerning production of human lactoferrin using cell of 
the higher animals were attempted, but because of the high cost concerning the 
cultivation process, it is said that the application is difficult. 

15 Thus, researchers in this art have shown some interest in producing human 

lactoferrin using insects cell which can be massively produced at a low cost. For 
example, it was reported that there were studies done in producing human 
lactoferrin using insects cell(Salmon et al., "Characterization of Human 
Lactoferrin Produced in the Baculovirus Expression System" in Protein Expr. 

20 Purif., vol. 9(2), 203-210, 1997). However, with such method, obtained human 
lactoferrin were very small amount of 15 mg/1. It was estimated that because of the 
sequence of human lactoferrin secretion did not well worked on insect cell. Also, 5% 
calf serum was used in such method, as a result, purification of human lactoferrin was 
bad. 

25 To overcome the above problems, the present inventor has contrived a 

novel method for mass-production of human lactoferrin in a simple way and a 
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It is also of great importance to verify the biological activity of the produced 
recombinant lactoferrin, since the normal bacteria or yeasts are mostly improper as a 
host due to the anti-bacterial activity of lactoferrin itself and, if used as a host, 
inadequate to industrial uses in such a small quantity available. To solve this problem, 
Ward et al. (1992) successfully produced the recombinant lactoferrin using fungi such 
as Aspergillus indulans or oryzae. But, there was a limitation in that the lactoferrin was 
expressed in such a small amount of 5 to 25 mg/1 in relation to the lactoferrin expressed 
from an insect cell. Furthermore, because the recombinant lactoferrin produced from 
the fungi was analyzed for its biological activity only in terms of affinity with Fe 58 
labeled with radioactive isotopes, there was still remained a question as to whether the 
recombinant lactoferrin actually had an anti-bacterial action on the pathogenic 
microorganisms. 

Meanwhile, studies concerning production of human lactoferrin using cell of the 
higher animals were attempted, but because of the high cost concerning the cultivation 
process, it is said that the application is difficult. 

Thus, researchers in this art have shown some interest in producing human 
lactoferrin using insects cell which can be massively produced at a low cost. For 
example, it was reported that there were studies done in producing human lactoferrin 
using insects cell(Salmon et al., "Characterization of Human Lactoferrin Produced in 
the Baculovirus Expression System" in Protein Expr. Purif., vol. 9(2), 203-210, 1997). 
However, with such method, obtained human lactoferrin were very small amount of 
15 mg/1. It was estimated that because of the sequence of human lactoferrin secretion 
did not well worked on insect cell. Also, 5% calf serum was used in such method, as a 
result, purification of human lactoferrin was bad. 

To overcome the above problems, the present inventor has contrived a novel 
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method for mass-production of human lactoferrin in a simple way and a verification 
method for the biological activity of the recombinant human lactoferrin. 

It is, therefore, an object of the present invention to provide a method for 
massively producing human lactoferrin using an insect cell. 

It is another object of the present invention to provide a recombinant insect cell 
for producing a human lactoferrin protein. 

It is still another object of the present invention to provide a biological 
verification method for a recombinant lactoferrin produced from an insect cell. 

DISCLOSURE OF INVENTION 

The present invention relates to a method for producing human lactoferrin 
comprising the steps of transducing a human lactoferrin gene into an insect cell by gene 
recombination, cloning and expressing human lactoferrin in the insect cell, and using 
the insect cell to produce the human lactoferrin. The present invention also relates to a 
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This International search report has been prepared by this International Searching Authority and is transmitted to the applicant according 
to Article 18. A copy is being transmitted to the International Bureau. 



This international search report consists of a total of 



sheets. 



(~j It is also accompanied by a oopy of each prior art document cited in this report. 



Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in whioh it was filed, unless otherwise indicated under this item. 

I 1 the international search was carried out on the basis of a translation of the international application furnished to this 
^Authority (Rule 23.1(b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international searoh 
was carried out on the basis of the scquenoe listing: 

fl contained in the international application in written form. 

f] filed together with the international application in computer readable form. 

• furnished subsequently to thia Authority in written form. 
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international application as filed has been furnished. 
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within one month from the date of mailing of this international search report, submit comments to this Authority. 



The figure of the drawing to be published with the abstract ii Figure No. 1 

j>T| as suggested by the applicant. [ | None of the figures. 

f"""J because the applicant failed to suggest a figure. 
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Box No. II APPLICANT 


Name and address: (Family name followed by given name; for a legal entity, full official 
designation. The address must include postal code and name of country. The country of the 
address indicated in this Box is the applicant s State (that is, country) of residence if no State 
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| y| This person is also inventor. 
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Teleprinter No. 
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This person is applicant 1 1 all designated f— ] all designated States except 1 1 the United States r~] the States indicated in 
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Box No. Ill FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S) 
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address indicated in this Box is the applicant s State (that is, country) of residence if no State . 
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| | applicant only 

\j | applicant and inventor 
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State (that is, country) of nationality: VXi 


State (that is, country) of residence: 


This person is applicant r~" 1 all designated all designated States except fTT] the United States j 1 the States indicated in 
for the purposes of: L_l States 1 1 the United States of America L-J of America only 1 1 the Supplemental Box 


2* Further applicants and/or (further) inventors are indicated on a continuation sheet. 


Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 


The person identified below is hereby/has been appointed to act on behalf fTTI t 1 I common renresentative 
of the applicant(s) before the competent International Authorities as: LU ftgent 1 1 common representative 
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1— J space above is used instead to indicate a special address to which correspondence should be sent. 
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[ [ applicant only 
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~_J inventor only (If this check-box 
is marked, do not fill in below.) 


State (that is, country) of nationality: 
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for the purposes of: 1 1 States | ) the United States of America 1 1 of America only | | the Supplemental Box 


1 1 Further applicants and/or (further) inventors are indicated on another continuation sheet. 
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Regional Patent 

0 AP ARIPO Patent: GH Ghana, GM Gambia, KE Kenya, LS Lesotho, MW Malawi, MZ Mozambique, SD Sudan, SL Sierra Leone, 
SZ Swaziland, TZ United Republic of Tanzania, uG Uganda, ZW Zimbabwe, and any other State which is a Contracting State 
of the Harare Protocol and of the PCT 

0 EA Eurasian Patent: AM Armenia, AZ Azerbaijan, BY Belarus, KG Kyrgyzstan, KZ Kazakhstan, MD Republic of Moldova, 
RU Russian Federation, TJ Tajikistan, TM Turkmenistan, and any other State which is a Contracting State of the Eurasian Patent 
Convention and of the PCT 

0 EP European Patent: AT Austria, BE Belgium, CH and LI Switzerland and Liechtenstein, CY Cyprus, DE Germany, 
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A HUMAN LACTOFERRIN PRODUCED BY USING AN INSECT CELL AND 

METHOD USING THE SAME 



TECHNICAL FIELD 

5 A present invention relates to human lactoferrin produced by using an insect cell 

and a method producing the same. More particularly, the present invention relates to 
human lactoferrin produced by using an insect cell and a method producing the same, in 
which the method includes the steps of transducing a human lactoferrin gene into an 
insect cell by gene recombination, cloning and expressing human lactoferrin in the insect 
1 0 cell, and producing the human lactoferrin by using the insect cell. 

Human lactoferrin is a member of the transferrin family of iron-binding 
monomeric glycoproteins and also called "lactotransferrin". Such a human lactoferrin 
exists in milk of mammals including human milk, tears, saliva, mucosal secretions, and 
the secondary granules of polymorphonuclear leucocytes. It was first discovered by Peter 
15 Sorenson in 1939 and initially named "red protein" of human milk. 

The lactoferrin (Lf) was isolated and purified from cow's milk at the first time. 
Since the first discovery, Lf has been isolated and purified in milk of other mammals such 
as human being, mouse, goat, rabbit, dog, etc. Human milk has a high content of the 
lactoferrin y for example, in the range of 6 to 8 mg/ml during the colostral phase. However, 
20 the lactoferrin content in human milk is decreased to about 2 mg/ml in the lactiferous 
phase. If the human milk is infected with bacteria during the lactiferous phase, the 
lactoferrin content in the infected milk is abruptly raised more than 30 times as high as the 
normal lactoferrin content. 

Human lactoferrin (hLf) is a glycoprotein whose molecular weight is 78 kDa, 
25 composed of a single polypeptide chain containing 691 amino acids. The single 
polypeptide chain is composed of a 2-fold internal repeating unit with two folded globular 

1 
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lobes. That is, human lactoferrin (hLf) has C and N lobes constituting C and N terminals, 
respectively. The two lobes have the very similar structure with a high degree of 
homology (more than about 40%) between the C and N terminals. With the recent advance 
of X-ray chrystallography, the three-dimensional structure of lactoferrin has been 

5 determined such that each of the C and N terminals has a site to bind one iron with high 
affinity and that one lactoferrin molecule reversibly binds two ferric ions (Fe +3 ) (Anderson 
et al.-, 1989). Such a lactoferrin is present in either iron-free (i.e., apo-type) or iron- 
saturated state (i.e., holo-type) depending on whether it binds irons, which in turn 
determines the biological properties of lactoferrin^ The apo-type lactoferrin is present, in 

10 normal human milk. All kinds of lactoferrin are almost stable under the acid condition in 
relation to transferrin and releases irons at a defined pH value. 

Lactoferrin, which is one of non-immunoglobulin protective proteins secreted 
from exocrine glands, directly or indirectly participates in the anti-bacterial mechanism 
and thereby affects the anti-viral action. Lactoferrin possesses anti-bacterial activities 

15 . against various microorganisms in the state of in vitro and in vivo. Especially, lactoferrin 
in the iron-free . state (apo-type) has anti-microbial activities against gram-negative 
bacteria such as E, coli, Kleabsiela pnumoni and Aerobacter aerogenes, because it 
chelates with Fe 3+ ions necessary for the microorganisms and thus inhibits the growth of 
the microorganisms. According to an in vitro experiment, it has been demonstrated that 

20 lactoferrin had a potent anti-bacterial activity like antibiotics against 99.99% of bacterium 
such as Bacillus, E. coli and Salmonella in one hour. Lactoferrin also participates in 
mechanisms involving an iron-binding action to inhibit the growth of microorganisms and 
abruptly deteriorate the bacteria viability. In the mechanisms, lactoferrin not only damages 
the outer membrane, of gram-negative bacteria to release a large amount of 

25 lipopolysaccaride constituting the outer membrane and thereby destroy the permeability 
banier of the membrane but also increases the sensitivity of the microorganisms to 
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hydrophobic antibiotics such as lysozyme or rifampicin, thus reducing the resistance of the 
microorganisms to antibiotics. In spite of the anti-bacterial action against pathogenic 
organisms, it is reported that lactoferrin has no anti-bacterial action against bacterium 
beneficial to human such as Lactobacillus or Bifidus. Thus lactoferrin contributes to 
5 protection of newborn babies against microbial infection. Furthermore, lactoferrin is also 
found in a small amount in blood and secreted from neutrophil Such a lactoferrin is a 
principal constituent of the secondary granules of the neutrophil and is secreted in a large 
amount in an inflammatory response. There are some cases that the lactoferrin directly has 
a synergy effect with lyso2yme or IgA in living bodies against infected pathogenic 
. 10 microorganisms. As the lactoferrin plays an important role in the protective mechanism 
against infectious hosts, patients who cannot produce lactoferrin in the body are seriously 
deteriorated in resistance to various diseases with an increase in the possibility of infection 
with bacteria or fungi. Besides, the lactoferrin serves as a mediator in cell proliferation or 
iron transport absorption* 

15 

BACKGROUND ART 

Despite that lactoferrin has the various functions as previously described, many 
studies have not been made on the human lactoferrin because only a small amount of 
lactoferrin is contained in blood or other bodily fluids and there is a limitation in the 

20 available quantity of colostrums sample abundant in lactoferrin. As human milk is 
regarded as a great importance, careful studies oh the lactoferrin are being made to use a 
genetic engineering approach to establish the base for industrial application of 
microorganisms in regard to cloning and expression of human lactoferrin (hLf) DNA in 
microorganisms. However, as described above, there is still a difficulty in .using E. coli 

25 used widely in genetic engineering as an expression strain for human lactoferrin (hLf) 
unless a special recombinant plasmid for £. coli is produced. 

3 
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It is also of great importance to verify the biological activity of the produced 
recombinant lactoferrin, since the normal bacteria or yeasts are mostly improper as a host 
due to the anti-bacterial activity of lactoferrin itself and, if used as a host, inadequate to 
industrial uses in such a small quantity available. To solve this problem, Ward et al. (1992) 
5 successfully produced the recombinant lactoferrin using fungi such as Aspergillus 
indulans or oryzae. But, there was a limitation in that the lactoferrin was expressed in 
such a small amount of 5 to 25 mg/1 in relation to the lactoferrin expressed from an insect 
cell. Furthermore, because the recombinant lactoferrin produced from the fungi was 
analyzed for its biological activity only in terms of affinity with Fe 5fi labeled with 
10 radioactive isotopes, there was still remained a question as to whether the recombinant 
lactoferrin actually had an anti-bacterial action on the pathogenic microorganisms. 

To overcome the above problems, the present inventor has contrived a novel 
method for mass-production of human lactoferrin in a simple way and a verification 
method for the biological activity of the recombinant human lactoferrin. 
15 It is, therefore, an object of the present invention to provide a method for 

producing human lactoferrin using an insect cell. 

It is another object of the present invention to provide a recombinant insect cell for 
producing a human lactoferrin protein. 

It is still another object of the present invention to provide a biological verification 
20 method for a recombinant lactoferrin produced from an insect cell 

DISCLOSURE OF INVENTION 

The present . invention relates to a method for producing human lactoferrin 
comprising the steps of transducing a human lactoferrin gene into an insect cell by gene 
25 recombination, cloning and expressing human lactoferrin in the insect cell, and using the 
insect cell to produce the human lactoferrin. The present invention also relates to a 

4' • 
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verification method for the anti-bacterial activity of the recombinant human lactoferrin. 

Reference will now be made to Figs. 1 and 2 as to a method for producing human 
lactoferrin using an insect cell according to the present invention. 

The novel method for producing human lactoferrin by using an insect cell 

5 . comprises the following steps: (a) . combining a transfer vector 1 with a recombinant 
■ plasmid phLf-8 2 to prepare a recombinant expression vector pBacLf 3 modified to permit 
the regulation of a lactoferrin gene by a polyhedrin promoter in a vector pBacPAK; (b) 
cotransfecting the recombinant expression vector together with a help vector pBacPAK6 4 
into an insect cell Sf9 5 in a culture medium to prepare a recombinant insect ceil Sf-Lf 6, 

10 and producing a recombinant insect virus from the recombinant insect cell; and (c) 
producing human lactoferrin from the recombinant insect cell Sf-Lf 6. 

In the step of producing the recombinant insect cell, the culture medium in which 
the recombinant insect cell has been cultured is subjected by centrifugal separation to 
obtain a progeny virus originated from the insect cell. 

15 To prepare the recombinant insect virus, the transfer vector 1 is first combined 

with the recombinant plasmid 2 to produce the recombinant expression vector pBacLf 3 
modified to permit the regulation of a lactoferrin gene by a polyhedrin promoter in a 
vector pBacPAK, and the recombinant expression vector is cotransfected with the help 
vector pBacPAK6 4 into the insect cell Sf9 5 in a culture medium to produce the 

20 recombinant insect cell Sf-Lf 6, from which the recombinant insect virus is produced. 

The most widely used insect cell is Spodoptera fruglperda (Sf9) originated from 
army worm. The Sf9 cell line is also used as a host cell in the present invention. The Sf9 
cell line, if infected with an insect virus such as Baculovirus, promotes synthesis of a 
mucous protein called polyhedrin. This means that the polyhedrin promoter for 

25 synthesizing polyhedrin in the Baculovirus is highly activated. It is stated in the related 
reports that the polyhedrin was produced in the insect cell in an amount of 1 to 500 mg/1 
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and that the concentration of the external protein expressed depended on the type of 
protein or gene (Kaplan et al„ 1990; Davidson et al, 1990; and Kaplan et al., 1991), The 
insect cell was highly analogous to the higher animal cells such as mammalian cells in 
terms of glycoprotein, phosphorylation, fatty acid acylation, amidation, and proteolytic 
5 processing, so that most higher animal cell proteins expressed in the insect cell had 
biological activities. The human lactoferrin as used herein was also verified to have a 
biological activity, 

The expression vector used in the present invention is an insect virus DNA and the 
most widely used expression vector is multiple polyhedrosis virus AcMNPV called 

10 Autographa califonica. The life cycle and the infection cycle of the Baculovirus have been 
reported in the related document, King LA and R.D. Possee, The Baculovirus Expression 
System, A laboratory guide, HAPMAN and HALL. As stated above, the present invention 
uses an expression vector (pBacPAK, Clontech) originated from Baculovirus. 

In the present invention, there are used various biochemical and molecular 

15 biological methods in order to verify the production of human lactoferrin from the insect 
cell. For example, PCR, Southern hlot analysis and Western blot analysis are performed to 
support a fundamental study for producing a gene recombinant lactoferrin in the 
molecular level. 

According to the present invention, the recombinant lactoferrin produced from the 
20 insect cell is biologically verified in a new way. That is, the recombinant lactoferrin is 

extracted from the insect cell and mixed with pathogenic bacteria such as Pseudomonas 

cepacia, Pseudomonas putida, Pseudomonas fluorescence. Salmonella typhimurium and E. 

coliy after which it is observed how much of the pathogenic bacteria have been destroyed 

in one hour at maximum. 
25 On the other hand, the recombinant insect cell Sf-Lf used in the present invention 

is considered as an ideal system for mass production of human lactoferrin because it can 
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be cultured in a flask due to its susceptibility of suspension culture and requires neither 
. . CO2 unlike the higher animal cells nor fetal bovine serum (FBS) in cultivation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 " Further objects and advantages of the invention can be more fully understood from 

the following detailed description taken in conjunction with the accompanying drawings, 
in which; 

Fig. 1 is a flow chart showing a process of producing a recombinant human 
lactqferrin using an insect cell according to the present invention, 
10 Fig, 2 is a flow chart showing a process of producing a recombinant expression 

vector pBacLf according to the present invention. 

Fig. 3 is a photograph showing the electrophoresis pattern of the recombinant 
expression vector pBacLf after cleavage with a restriction enzyme according to the present 
invention. 

15 Fig. 4 is a photograph of the agarose gel electrophoresis pattern showing that a 

human lactoferrin cDNA has been cloned from the recombinant baculovirus DNA isolated 
from the recombinant insect cell Sf-Lf according to the present invention. 

Fig. 5 is a Southern blot photograph showing that a human lactoferrin DNA was 
cloned from the recombinant virus DNA obtained in Fig. 4. 

20 Fig. 6 is a Western blot photograph and SDS-PAGE photograph showing that the 

recombinant insect cell Sf-Lf expresses and produces the human lactoferrin protein. 

BEST MODE FOR CARRYING OUT THE INVENTION 

EXAMPLE 1 : Cultivation of Insect Cell and Production of Recombinant 
25 Expression Vector pBacLf 

A Spodopterafrugiperda ovary cell Sf9 was used as an insect cell and cultured at a 

7 
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. low temperature of 28 °C. The insect cell Sf9 was infected with an autographa cal\fornica 
nuclear polyhedrosis virus (AcMNPV) (pBacPAK 6) and. cultured in a Grace's medium 
containing 10% FBS, lactalbumine, hydrolysate andantimycotic antibiotics. The insect 
cell was commercially available from Invitrogen Inc. (PO Box 2312,9704CH Groningen, 

5 . Netherlands). The virus, AcMNPV (pBacPAK6) was provided by Clontech laboratories 
Inc. (1020 East Meadow Circle, Palo Alto, C.A. 94303-4230, USA). 

To transfer a lactoferrin gene into a baculovirus gene, a 2.1 kb full gene including 
the start codon and the signal sequence of the lactoferrin was produced from the existing 
recombinant plasmid for cloning a transfer vector (pBacPAK8, Clontech Co.) including 

10 the poiyhedrin promoter site (5.5 kb), and then inserted into £ coll in the same direction 
of the poiyhedrin promoter to prepare a recombinant expression vector. The transfer vector 
(pBacPAK8) was commercially available from Clontech laboratories Inc. (1020 East 
Meadow Circle, Palo Alto, CA 94303-4230, USA). The recombinant expression vector 
thus obtained was treated with a restriction enzyme to verify the lactoferrin gene, which 

15 was named "pBacLf A process for producing the expression vector pBacLf is illustrated 
in Fig. 1. 

Fig; 3 is a photograph showing the electrophoresis pattern of a selected 
recombinant expression vector pBacLf after cleavage with a restriction enzyme, wherein 
lane 1 is a si2e maker (X/BstE I); lane 2 is the super coil of the recombinant expression 

20 vector pBacLf; lane 3 is the recombinant expression vector pBacLf cleaved with 
restriction enzymes BamH and Not I to verify the cleaved lactoferrin gene at 2,1 kb in 
terms of the full size of lactoferrin; lane 4 is the recombinant expression vector treated 
with a restriction enzyme, Eco R V to verify the lactoferrin gene; lane 5 is the 
recombinant expression vector treated with a restriction enzyme, Sma I to verify the 

25 lactoferrin gene; lane 6 is the recombinant expression vector treated with a restriction 
enzyme, Bgl II to verify the lactoferrin gene; lane 7 is the recombinant expression vector 

% 
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treated with a restriction enzyme. Pst I to verify the lactoferrin gene; and lane 8 is a size 
marker, As shown in Fig. 3, a human interferrin gene shows at 2,1 kb when the 
recombinant expression vector was cleaved with restriction enzymes BamH I and Not I 
into a fragment 

5 EXAMPLE 2 : Selection of a Recombinant Insect Cell Sf-Lf and Identification of a 

Recombinant Virus 

- Sf9 cells were inoculated in an amount of about 1.0 x 10 6 cells in a Grace's basic 
medium containing 10% FBS and were cultured for 4 hours. The insect cell was washed 
with the Grace's basic medium twice and remained at the ambient temperature for 

10 30minutes. A mixture of a virus DNA (BacPAK 6, Clontech Co.) and a recombinant 
transfer vector prepared for liposome-mediated transfection, together with lipofectin was 
dropped on a cell monolayer. The mixture was added to the Grace's medium containing 
serum and antibiotics and was cultured at 28 °C for 5 days. The supenant was diluted with 
the culture solution in ten stages, 3 to 5 times and was inoculated into the insect cell Sf9 

1 5 culrured in a monolayer on a 60mm-diameter plate. When the virus was adsorbed, the . 
dissolved agarose-containing medium was hardened on the insect cell. After 6 to 7 days, 
the insect cell with the agarose-containing medium was dyed with neutral red, which dyes 
dead cells distinguished and forms a plaque. A microscope was used to select a plaque in 
which the polyhedrin by the infection with the recombinant virus was- nat formed. The 

20 plaque with the agarose was sucked up with a Pasteur pipette and was suspended in a I ml 
medium. In order to verify whether the recombinant virus contains the lactoferrin gene, 
another insect cell Sf9 cultured in a new Grace's medium was infected with the 
recombinant virus and the recombinant virus DNA was. isolated, after which the 
electrophoresis patterns of the isolated DNA were compared by agarose gel 

25 electrophoresis. By polymerase- chain reaction (PCR) using a primer capable of amplifying 
lactoferrin, it was identified and after treatment with a restriction enzyme, the lactoferrin 
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gene (2. 1 kb) was identified by Southernblot analysis. 

Fig. 4 shows that the lactoferrin cDNA (2.1 kb) was cloned from the recombinant 
virus DNA isolated from the recombinant insect cell Sf-Lf, in which lane 1 shows a size 
marker (X/BstE II); lane 2 is a negative control (pBacPAK8); and each of lane 3 and 4 is a 
5 recombinant virus DNA. It is seen from lane 3 that there has been amplified the human 
lactoferrin cDNA (2.1 kb) using a primer exclusively amplifying the human lactoferrin 
from the recombinant virus DNA. . 

Fig. 5 verifies the lactoferrin DNA (2.1 kb) by Southern blot analysis for 
the recombinant virus DNA treated with restriction enzymes such as BamH I, Not 
10 I and Acc I, based on the fact verified in Fig. 4, in which lane 1 shows a 
recombinant virus intact DNA; lane 2 is a recombinant virus DNA (treated with 
BamH I/Not I); lane 3 is a recombinant virus DNA (treated with Acc I); lane 4 is 
a recombinant virus DNA (treated with BamH I/Not I/Bgl II); lane 5 is an 
amplified PCR lactoferrin gene produced from the virus DNA; lane 6 is a DIG- 
15 labeled size marker; lane 7 is a super coil DNA of the recombinant plasmid 
(pBacPAK8); and lane 8 is a negative control (pGEMLf) (treated with BamH 
I/Not I). 

The negative control was pBacPAK8 and the positive control was lactoferrin-gene- 
containing pGEMLf cleaved with a restriction enzyme BamH I/Not L The probe as used 
20 herein was a part of the N-lobe of DIG-labeled lactoferrin cDNA. As shown in Fig. 5, the 
band, was observed at the same location (2.1 kb) of the positive control in the recombinant 
baculovirus DNA. It demonstrates that the selected recombinant virus of the present 
invention contained human lactoferrin DNA. 

EXAMPLE 3 ; Expression of Human Lactoferrin from Recombinant Insect Cell 
25 (Sf-Lf) and its Verification. 

To verify expression of protein* the recombinant cell was pulverized with a cell 



WOoflL PCT/KROO/00810 



lysis buffer (50 mM Tris-HCl, pH 8.0, 5% 2-mercaptoethanol, 0.4% w/v SDS, 10 mM 
EDTA) and applied to coomassie-blue polyacrylamide gel running, after which a Western 
blot analysis was performed using anii-lactoferrin (anti-Lf). 

As shown in Fig. 6> the recombinant viral stock was inoculated into the insect cell 
5 Sf9 and the cells were pulverized with the insect host cell Sf9 at the fourth day. The 
supernatant was collected for a Western blot analysis with anti -lactoferrin (anti*Lf) Ab 
• and SDS-PAGE and, as a result of which the band was color-developed at the same 
location (80 kDa) of colostrums used as a positive control and purified lactoferrin protein. 
This demonstrates that the human lactoferrin protein was produced in the recombinant 
10 insect cell (Sf-Lf). Lane 1 shows a protein size marker, lane 2 is a colostral soup, lane 3 is 
the insect cell Sf5, lanes 4 and 5 are the recombinant insect cells. A densitometry revealed 
that the expressed lactoferrin was in an amount of more than 800 mg/l. The amount 
expressed is much higher than the amount of lactoferrin expressed from Aspergillus 
Nldulans or Aspergillus Oryzae and shows economically high productivity. 
1 5 EXAMPLE 4 : Verification of Anti-bacterial Activity of Recombinant Lactoferrin 

To measure the anti-bacterial activity of the recombinant insect cell (Sf-Lf) against 
pathogenic microorganisms, the insect cell (Sf-Lf) was pulverized by a freeze and thaw 
method and the supernatant was mixed with the pathogenic microorganisms in the 
lactoferrin concentration, of about 250 ng/ml. The mixture was . then smeared to a plate 
20 count agar plate at intervals of 0, 1 5, 30, 45 and 60 minutes, 

It can be seen from the cell count of Table . 1 that the /ac/o/errw-containing the 
supertant alone destroys the pathogenic microorganisms within one hour. For the negative 
control, insect cell (Sf) was pulverized and subjected to . microassay on pathogenic 
microorganisms in the same way as for the recombinant insect cell (Sf-Lf), in which case 
25 there was no decrease in the number of cells. 

The above results revealed that the lactoferrin protein produced from the 

il 
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recombinant insect cell (Sf-Lf) possessed an anti-bacterial activity, 

INDUSTRIAL APPLICABILITY 

The recombinant insect cell (Sf-Lf) produced by the method for producing human 
5 lactoferrin using an insect cell according to the present invention is advantageous in that it 
. can be cultured in a flask due to its susceptibility of suspension culture, requiring neither 
carbon dioxide (CO:) unlike the higher animal cells, nor fetal bovine serum (FBS) in the 
culture, as a result of which using the recombinant insect cell allows mass production of 
human lactoferrin at a low cost in a simple way, 
10 Table! 



Strain 


Cell Count (cfu/ml) 


*E.coli 300. 


typhi 


*s. 

murium 
114 


®?.putida 


fluorescence 


^P. cepasia 
9613 


• 


+ 




+ 


m 


. + 




+ 


• 




Q min 


>10 ; 


>10' 


>io' 


>10' 


>10 ; 


6,7x10* 


>10 ; 


1.8xl0 6 


5xl0 3 


1.4xl0 3 


15 min 


>10 ; 


. >10 J 


>10 ; 


5.0xl0 4 


>10 ; 


3.0x10* 


>10 ; 


1.4xI0 4 


5xl0 3 


9.8xl0 2 


30 min 


>io' 


1.3xl0 4 


>.io' 


1.2xl0 4 


>10 ; 


6.9xl0 3 


>10 ; 


4.0xl0 3 


5xl0 3 


2.1xl0 2 


45 min 


>I0 ; 


6.2x1 0 3 


>10 / 


2.0x1 0 3 


>10 v 


3.0xl0 3 


>10 ; 


2.9xl0 3 


5xl0 3 


10 


60 min 


>10 ; 


10 1 


>10' 


1.2xl0 2 


>10' 


10 2 


>10' 


5xl0 2 


5xl0 3 


0 



Note: * indicates an. animal pathogenic bacterium; ® indicates a food contaminant 



bacterium; + indicates a culture with lactoferrin; and - indicates a culture without 
lactoferrin 
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CLAIMS 

1 . A method for producing human lactoferrin by using an insect ceil comprising the 
steps of: 

(a) . combining a transfer vector 1 with a recombinant plasmid phLf-8 2 to produce 
a recombinant expression vector pBacLf 3 modified to permit the regulation of a 
lactoferrin gene by a polyhedrin promoter in a vector pBacPAK; 

(b) cotransfecting said recombinant expression vector together with a help vector 
pBacPAK6 4 into an insect cell' Sf9 5 in a culture medium to produce a recombinant insect 
celt Sf-Lf 6, and producing a recombinant insect virus from said recombinant insect cell; 
and 

(c) producing human lactoferrin from said recombinant insect cell Sf-Lf 6. 

2. The method of claim 1, wherein said producing a recombinant insect virus step 
further comprises the step of performing a centrifugal separation of the culture medium 
containing the recombinant insect cell cultured in the producing step (b) to obtain a 
progeny virus from the insect cell contained in the upper layer, 

3. A human lactoferrin produced by a method comprising the steps of: 

(a) combining a transfer vector 1 with a recombinant plasmid phLf-8 2 to produce 
a recombinant expression vector pBacLf 3 modified to permit the regulation of a 
lactoferrin gene by a polyhedrin promoter in a vector pBacPAK; 

(b) cotransfecting said recombinant expression vector together with a help vector 
pBacPAK6 4 into an insect cell Sf9 5 in a culture medium to produce a recombinant insect 
cell Sf-Lf 6, and producing a recombinant insect virus from said recombinant insect cell; 
and 

• 13 
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(c) producing human lactoferrin from said recombinant insect cell Sf-Lf. 

4. A recombinant insect virus produced by a method comprising the steps of: 

(a) combining a transfer vector 1 with a recombinant plasmid phLf-8 2 to produce 
a recombinant expression vector pBacLf 3 modified to permit the regulation of a 
lactoferrin gene by a polyhedrin prompter in a vector pBacPAK; 

(b) cotransfecting said recombinant expression vector together with a help vector 
pBacPAK6 4 into an insect cell Sf9 5 in a culture medium to produce and culture a 
recombinant insect ceil Sf*Lf 6; and 

(c) producing a recombinant insect virus from said recombinant insect cell Sf-Lf. 

5. A biological verification method for a recombinant human lactoferrin, 
comprising the steps of: 

mixing human lactoferrin produced by the method of claim 1 with a pathogenic 
microorganism; and, 

measuring anti-bacterial activity of said mixture against the pathogenic 
microorganism. 

6. The method of claim 5, wherein said pathogenic microorganism is selected from 
the group consisting of Pseudomonas cepacia, Pseudomonas putlda, Salmonella 
typhimurium y Pseudomonas fluorescence and E, coll 
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5 *°>] 

<>1-§-sM *H a€ ^ ^-£31 Si (Human lactoferrin) 
a}b>- ^-S-Sflfl -fr^*}* 5f^I«H ^^£<y*>3L, oj-f. ufl^s}^ ^ 

^ sfrMfl£- ^(iron)4 # tf^^S! S^^Sflfl 

(transferrin)^ ^©.3.^ ^-SS^S^ ^(lactotransferrin) *l-tf. 

(polymorpho- nuclear leucocytes)^ 2}- ^>*fl.5L( secondary granules) 

15 #«Tr31, 1939V1 ^3l^(Peter SorensonW sl*fl ^ S^s) 8-2.^, 

^Hfe ^l-fr(AfL)^ '511= 5.3.31 Si (red protein) '.2.3. ^sl^ft^r. 

3, <£±, £.77), 7fl, A>^- ^ i-H-^#5l -fr^ofl^j: £e| ^^SlSJcf. 

20 * 6-8 mg/m^ ^-i- ^Mtr^r. zLSiq- s-fr-t 7^ s-fj-^Hl o)a^i 

3 #3*1 30afl ol#\2.3. 

Af^- s}-3.2flS}(h.Lf)£: ^-7>^oi 78kDa.2.3 691 7fl^ o}v] ^A>(amino 
acid) °- 3 £ #<?3 #3 3 SeW= *fl (single polypeptide chain) .2.3. t^^M 

25 Sicf. &.z}^o)vz ^ci o. 27 fl^ #3 #5} Si! (globular lobes)3 

#S.(fold)s]<H ^fe 2-fold internal repeats. $14. sfrSsfl 

SJ(hLf)£r N-^ ^f^r* T^^al Sife N-3.*-4 OlKr Jf£* n^t^-jl 
Slfe C-3.«3. SHOT, ol ^ ^y.^ Dfl4- ^-Aj-eV 7 >*]jL flo^ f 

C-* 1 ^ *r°Hfc ^40% 6>p1^a> A ]^i Jl 1-3*1 

30 (homology) 1- f-<H ^-ell°l 3.^^S,n (x-ray 

chrystallographyHl ^*fl ^£^€^1 3*f ?^7f 11^^^ ttj-ef 



.-•wi/U U 0/ 0 03 1 0 



- 2 - 

N-£#*r O^^cHl 44 *>43 *4 *r Stlfe *fl?V saoW 

# ^fls} Fe 3+ <^<>] 7}^*_5L ^ ^ 4( Anderson f-, 
1989). a^, ^S3l?lfe ^ (iron) 3 44 iron-free(apo 
type) A o v Efl^ iron-saturated(holo type) #*fl5. ^*fl*Ml S)fe3l, sj-^^o} 

5 3 ^fe 1^ ^^-ofl s]«fl eg^-g. tiv^]^^. jt* i-B-oi]^ apo-type 

^ Hfe Mi 3d fl (transferrin)^ «1 *fl 

(acidic) ^Eflofl^ °_M^* #jl pH ^ c$^o. HVcf ##4^4. 

3-S.3m-8r ^^-al^l (exocrine glandsHH ^«l^fe 

it aJ j ^ (non-immunoglobulin protective protein) f 1 ^ *ms.<H 4^ SE 

10 fe L^^IS *cf^4-§- (anti-bacterial action)* ^^H, * «H2^°1I 31 

d]^4. in vitroQ in vivo 3t #3H<*lS. °i 

iron-free state(apo-typeHH °1 #4°1(E. coli)4 t-^*--M<i4 fe-E.M°r 
(Kleabsiella pneumonia), °fl<H^-^! E i erobacter aerogenes) %2\ 

15 n^-*^ ^Hfl e| 4(Gram-negative bacteria)^ « ^M A S*%^ 
(anti-microbial activities)* 4fe3], °lfe *1^*<>1 fi£ *rfe 

Fe 3+ °1£-* ^oj-o). ^eflo)*D (chelating) 4^.2.^ ^*k§- <$*}t>\7} 

«fl£-<>14. ^Ml^. in uifiro ^-S^l^ife H>^^-^(Bad//us), °1 #4 

°UR coli), #S-^iSalmonella) -f^ ^* 1 A 1# 99.99% 4*14^ 

n]^-§-o] ^^jAl7lfe *}•-§. 71^4 4*11 4 6 > (bacteria viability) 

* #4f* r 7(| 4^1 4fe *]-§- 7]3|-* 42.^4. ^7] 7]*J-fe ^S3fl^o] ^ 

-3- (Gram-negative bacteria)^] $14(outer membrane)^ 4 4 

a] tM§^#*1 ^4 ^(lipopoly saccharide)* 4^ (release) 4 ^ Jf 
25 44^ (permeability barrier)* 44 ^-ui, 5}^4°tKlysozymeH4 3^4^ 
(rifampicin)4^r ±<r^ ^^(hydrophobic antibiotics)^] tfl# 'Jl^* 

4-§-* 4fe ^S^lfH ^"Sw>^^^(Lactobacillus)M- «]4^^(Bifidus)4 ^> 

€r °J*!H} -^-g-tV ^|$ofl Cfltfl^^. *J-54-§-* °4<L7}X] ^^-4fe ^.JL7> ^ 

30 4. °1^t11 ^^-tr ^ssuflfe «H^i ^■•ao.SJf 
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3L#=M 5*^31, tflJjL«. Jl^(neutrophilHH £b} (secretion) ^t}. 

(inflammatory response) *H1 tf^ £.b]^4. ^S^lH^r ^flt^HH 5] 

^^l-^aysozyme)^^ i g A2}- #o§# n] aJ ofl ?H *hg-*H 

4*1*1 ^ 6. S*| A}lgofl -S-^jt 4* ^t}. ^-Ol ^-£5flHl 

proliferation) o|i| £s] 311-^ (iron transport absorption) f-ofl^S. D fl7fl*-l]S. 

<H1 #7f|«r^l ^ zl 0 <H nfl-f DiPi^ J1> s-^Kcolostral whey)*!] tf^o] €^fl 

-8-8-3 7l^-£cfl7> -ft*} ^tj-aj ^-§-§H ^ 

^£5flfl(hLf) DNA# fl^#ofl (expression) Al^luL*} #4. 

ZLS^M- oi^-fV ^-c] Af^- -fr^ ^.tj-ofl AV-g-§>al 

°1 #s}°l(E. coli) 3tr ^-tlr #e}-^ni^7]- ^^-s)^^]^ 

tl", °1 #2f°l-i- tf^S^S Af-g-s]-^ 3} o_ tfl#*l o. o^ 6 |cf. 

-f ^-S-el-cf. ^£*l)f} *r*fl7 r 7>*1^ ^ftJ§ o_g_ ojsfl ^aV^^S. 

4 ^Cle^S. AJA^ oj:o) ^c^ a>^^o. S A>^.*j-7l7> ^*\%Z}7} nfl^-o] 

cf. ol 4 Hf7fl*>7l sf^(Ward) ^(1992)^ Aspergillus 

nidulans^ oryzae%: A>-g-«fc^ t))^ ^aJ^.-o|) Aj^^j.^ o.^ 

^ 5-25mg/^5. *^AflS(insect cell)^] «1§><^ ^ ^c]^ 



^£5fl €°] ^3. ^-5- *)"§"§- *>fe7>ofl tflafH^. S]^-^o] o|cf. 

(tansfer vecter)(l) 55 afla^ #2^*lH( p hLf-8)(2)* ^s))^ -fr 

^^7}. aii (pBacPAK) ^ #B]«ilJE.fl(polyhedrin) £££t| (promo tor ) ^) a 
3* fc^tf 7.fl^ *]B](pBacLf)(3)* 4^}Ji; #7] 7fl3:^- £ 

$ «= «]EKpBacPAK6)(4)^ *v?fl afl<# 7 )^ «^4]£(Sf9)(5W 2 

S€i^4*(cotransfection)*M *flsth ^•f t ^]S(Sf-Lf)(6)* ^l^^Jl ^7] 

(progeny virus) i ^^-cf. 

A o v 7] ^a^- u].o|elife «]Ei (tansfer vecter)(l)4 # 
^n)= (2 )i- ^ssil^ -H-^^f7f «jE^( p BacPAK) #e]§H = ^ 

- S£E ^ H - V S^ ^^^V 7Hs^- *]E-UpBacLf)(3)t- *i)^}3L; 
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#7) *fl atf «qB)* fl= «jEi(pBacPAK6)(4)^ #*fl afl^vfl^ e^Afl 

£(Sf9)(5)°fl 2S^>i^£(cotransfectian)$ ^~§- ^fl^th ^*flS(Sf-Lf)(6)* 

w>°ls^» ^^Hr i&TflS. <>l**]fc WQ°.3, 

A f-§-5l^ ^Ml^r 7i <g *g Efl (armyworm)S.^Ei -fr 
2fl^ Sf9 celKSpodoptera frugiperda) 0 }^. U^^^IE. -#7] Sf9 
(cell line)* ^-g-fj-cf. at- 7 | Sf9 Afli^. ^ vfl <4| 5^ h>o]e^6] 

y>^-5.tifole^(Baculovirus)<Hl ^sfl #^3^ #e] 31 E. fl(polyhedrin)°l sf^ 

*1^7>*] JiJL^ wRKaplan f-, 1990: Davidson f-, 1990, Kaplan 1991H1 
3*r£ E&^S. ^oflAi #2j*H = 3la] etc. i mg /^-500mg/^ S i}<$ 

^ ^1 e^js^. jif- ^■i-^li-y S.^-^ Afl =E (mammalian cell)^ ^ 
^^(glycoprotein), 91^}^ ^(phosphorylation), ^lHH* °>^5fl«>l^ (fatty 
acid acylation), ^°]£^ #-§-(amidation), ^^«-«fl ^(proteolytic 
processing) ofl-f ^a].*}.^, rr}-^ ^ -Mliofl^ ^Sj-^- tfl^-^-^ 31 

el £ t^t 3 .£.3. M-E]-\+4. 

^go^ «)E^ U>o}E^ DNA°] #o] 

A]~§-£)fe- 7 A-& *£2\&iA?KAutographa califonica)S. <£^Q ^ 

#3*fl = 3.Ali tif°ls1i (multiple polyhidrosis virus) (AcMNPV) °1 tf. w r #3. 
ti>oiEi^s] afo|= A>o|§(iif e cycle) «m #<3^7l£- 53 (King) ^ ^ 
(King, L.A and R.D. Possee, The Baculovirus Expression System. A 
laboratory guide, HAPMAN and HALLH] *M)*1 7l*])£]<>| &>tf. £ ^^ofl 
3#3r 44 7 e v °l a>#S.wl-o]E^ s .«E] «]E^(pBacPAK, 
Clontech)* Af^-^-cf. 

1-^, PCR, l-^(Southern blot), # ^(western blot) ^ A>-g-§> 

^ -g-^l- ^r^°llAi ^^^f 7fl2:^- ^-ssflej^- ^^*>7] 7l^^«y 
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*|-<H ^r^S-M-^ A l °HPseudomonas cepacia), ^f££4i 

5 (Pseudomonas putida), ttSS-M-^ #-f--£-^l ^^(Pseucfomonas fluorescence), 
#3.^5} ^^-^-Bl-g-CSa/mone/Za typhimurium), °1 #eHCE co/z)^ £ 

*fl^ ^^(Sf-Lf)^ ^^-wfl^ 
10 (suspension culture) 0 ! 7f^§f^ #5}-^ a. (flask) afl^l 7}^}jl, <£*}?$°1 
jl^- ^sHr ^-el CCW |A gla, aflotA] FBSCFetal Bovine Serum) 

* ^f-§-^>^l ^°>S ^°ti*l ^ ^ tfli£ ^<£* 

°1 € ^ sm. 

15 [S.^ 

Ef\H -^SLo^. 

£2^ £ *fl^ ^ *flEi(pBacLf)^ ^]^^^# M-e]-^ ^ioj 

20 £3f ■& 1^2] ^Ei(pBacLf)^ *fl# lit ^^t> ^ #7l 

^(Baculovirus) DNA3^-Ei a].^- ^-JMIfl cDNA7]- #3.^ (cloning) 3* M- 

25 £5^ £4J13^-Ei ojo. al-oleii DNAS^Ei Af^ 

DNA7} #^^£l^^-ir iL^^r *q ol 1- ^(southern blot) M-Bj-vfl 

A>^o]cf. 

£6^ 7fl^^ e^AfliE Sf-Lf7> Af^- ^j^-fr *^*|-uL *8 

-L^rxr SDS-PAGE $ °1» ^*!*H? #3: (western blot) ^^41- 

30 M-El-vfl A^ojcf. 

<5.^51 ^-Jiofl cfl^ ^> 



l: *dlk 

3: «*}Ei 

5: e^^3L(Sf9) 



2: *1)2^- #Hl-^nli= 

6: Jflatth 5*>l|I(Sf-Lf) 



41 *H l: ^§^15L£] Hfloj: ^ ^E^(pBacLf)^ *fli£ 

WflSSte ^5LfMle)- 5^71^)1 = ^ Afls(Spodoptera 
frugiperda ovary ceU)(Sf9)-g- ^r-§-*>8.°-^, 28°C°1H ^ «1| tj.. # 7 ] 

^f^]3L(Sf9H] (infection) a] 7] 71 4 <=»] ^(virus)£r AcMNPV, 

Autographa califomica nuclear polyhedrosis virus(pBacPAK 6, Clontech co.) 
« ^*«V«o.^ f io% FBS, ^M^-Klactalbumine) sHj= ^.^j o) h 
(hydrolysate)^ * 0 ^# ^ X| (antimycotic antibiotics )7\ neflo]^ ufl 

*1 (Grace's mediumHH Hfl^^^cf. A cM Sf9 cellar tfl^s. 

SS«ajAfc|^ t*«8*H ^*«VSatf. (Invitrogen, PO Box 2312.9704CH 
Groningen, Netherlands). #7l AcMNPV(pBacPAK6)^ *]^- #s.eji 

SI Af (CLONTECH Laboratories, Inc. 1020 East Meadow Circle, Palo Alto, 
CA 94303-4230, USAHH ^ojsH A f-§-*f^4. 

~^ E i 3£«-*rte 5.5kbS7l^| ^(pBacPAKS, 

Clontech Co.H] #S.^*>7] ^sfl 7l#*l *H2^ t^ D ]c S a El ^s^o] 
7flA|oj-j 1 ( start co don)Sf ^lJL^<g( s i gnal sequence)^- 2.1kb Q# -fi- 

^ X>(fu11 S ene) * ^»1*H = ^ S^.iEi(polyhedrin promoter)^ ^ 

a*^(pBacPAK8)* H «| a KCL ONTECH Laboratories, Inc. 

1020 East Meadow Circle, Palo Alto, CA 94303-4230, USAHH t^^M a> 
-§-*r£4. tf« ^Ei* ^ifriL^s. ^el^H -ff*i*rt- 

^tl«f«^ t o)* pBacLfef^L #7) tfg sJJe] (pBacLf)-£) ^fls 

^^•i- £2ofl q-Efifl&tj.. 

£3£ 7)12:^ ^El(pBacLf)^ ^fc^ :f<a| *J 

4^ i+e^ A^o]cf. efloi (lane) ^ a}o]2l p>^ (size marker)u 
/BstE I) oH, ei)c] 2 ^ ^atf tf«*lEKpBacLf)*| ^(super) a^(cofl)o] 
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°i, 3l<?] 3-8: *H2^- «-«^El(pBacLf)# ^l^JL^tl BamH m Not IS. *ie| 
*M ^afl 371 2.1kb<>fl ^-S^)^ -fr^l^r M-Ef^ Sj-o] 

«: efl^l 4^ *fl3^ z])ii);3L± Eco R VS. ^S. 

-fr3i*r» 31*1 5^ 7flS^ ^*i*!Ei(pBacLf)-I- afltrJ:^ 

Sma IS. ^S.$] ^ -ff*}7 r -I- ^-<?]tr 74 E flo] 6 ^ *fl S ^- «v^«a 

^(pBacLf)l- Bgl US. ^sl^H ^-£31 ^ -rf^r-I- ^9}^ ^A°)^, 

31 °d 7£ ^^EKpBacLf)* Pst 15. ^elSH ^S^lfl * 

^^V* ^"^Itb ^ia|jL efl^l 8^ Afo]^ p>^# uj-E]-^ ^o]rf. ^3ofl 

L|Ef\f wj-fi)- 7 E vo] ^ «jj E ^ # ^l^jtdtt! BamH 1^ Not ^ 

*r58* °fl 2.1kb<Hl ^ ^-£511 $-#x}7} M-Ef^cf. 

2 : &^*\)£. Sf-LfSl ^ ^ 711^ hH^ao] ^ 

Sf9 cell* 10% FBS1- S^SRf ^SJMi 7] ^ afl oj: 7l (Grace ' s basic 
medium) 0 !] 1.0 xio 6 ^S.S. ^f^H 4*)Zt ^H^tr^f. n$\o)^$) 

15 7)2l^°£7)s, 2^1 Afl^ (washing) «M ^£-°lM 30^ ^l^t)-. E]i^-n|| 
7B(liposome-mediated) -^^^(transfection) u o v ^# °l-§-*l-7l ^sfl ^u]^ 
^ZiQ ^Tg- El (recombinant transfer vector) £f yj-ojE-]^ DNA(BacPAK 6, 
Clontech co.)« Q ElS«]^(i ipofectin)2 |. ^ ^ ^fKcell 

monolayer) $H l^iEelZL (serum), (antibiotics) 7f S^-^ ziEfl 

20 o]^ Bfl<#7H] ^ 7r «l- ^ 28°C^1^ 51J -^<L> «fl ^r&t}. wfl^il 
S. 3-55], 10# Tfl S. *H a|;g 60mm #31 °] e ( p i a teH 

(monolayer).°5. afl^ Sf9 ^lS°fl ^a^c}.. v}o)z]^ 7 } ^-^-s]^ -§-s|]a] 
°r7 r S^(agarose) *\)£_ $]o]} ^-^1^. e-7°i 5-, ^1 eflH 

(neutral red) -§-«^ SLS, <g^*}<^ ^)SL^ ^^o] 7}^-t}jL 

25 -^Alofl #E)-3.(plaque)l- ^A]^lt}-. ^n]^£. A>-g-§|-c^ T-flS^- v}o)z]^cq 

51*11 #Ei«n^5a ^^i m-ei-m-^i #Efs# ^^^^ 4^3^ 

^^(pasteur pipet)-5.S. ^>>7>S^5l- ^-^)] ifoj. ^.^ i^£] uflx] oj-ofl -f^-Al^] 
4. 4 6 le^7f §1-S3)m -8-^7}!- s^-§>jl 5i ^1 ^^*>7l ^1 

*I1 AflS.^. nSflol^ tiB^7H]A-l tiJloj:^ sf 9*fl£«fl 4^ iEcfAl 

30 #<gAl^ 7fl s^- «Hsl^ DNA# ^- el (isolation) # ^ ^7>5.>. ^( ge l) ^ 
7l^-g-(electrophoresis)^.S. DNA^I 4 € (pattern)* ylni^l-^^.^, 
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aim -i- ^ 5U^r = (primer)!- o]*^ PCR(polymerase chain 

reaction)^ .2.3. ^?1*>^J1, ^l^SLdb ^ ^ southern blot)* # 

n 2.ikb sj-s*nfi ^* r » «Hi**sat*. 

£4^ *ti£E^ ^^^li(Sf-Lf)5.-¥-E-1 7)| 2:^ tif^le^ DNA3. 

^ 2.1kb^ ^331^ cDNA7> #3.^sH 9X^ Ji^t*. aflSKLane) 1 
o. n r ^(size marker) U/BstE II) ^H, 2^ ^-^2:^ (negative 

control)(pBacPAK8H^ ( eflo] 34 4^ 7]^^- afo) &)^( viral) DNA# M-Efvfl 

^°]Cf. efl«?](Lane) 3*11*1 M-^M-^-c] *fl^^- HHaji) DNAS.-r E 1 
^■SSOfl(hLf)^ ^°1^3 ^#*r^ S5f°Hl- °l-§-*Hr 2.1kbsl a}-# g^-s 
*\)& cDNA7 r ^^51^^-* Ji^tf. 

£L5^r H4°1H ^o]^ Aj-^)-§- 71^3 §H, *fl2^- ti>o]e^ DNA# 
*fltrJL4i £am# I, jVot I, Acc I ^2.3 #1£ ^(Southern blot) 

-23. 2.1kbsl ^-SSO^l cDNA» Jfrt! eflo] jo a).©]^ 

SI 3|J= (intact) DNA°1 ^ , 31*1 2fe ^2^- *|- 0 1^ DNA(BamH I/Not I), ell 
<?] 3^ ^2:^- w>o]e^ DNA(Acc I)<>H, efltl 4^ *fls^- aj-oje^ 
DNACBamH I/Not I/Bgl II) efl^l 5^ w} 0 !^ DNA3.Jf£) M€ 
€ PCR ^£4?! -fr^H^, eflo] 6 c. DIG-Labeled a>o]^ o>^6l^, 3)0] 
7^ *ti2^ #^^nlc( p BacPAK8) ^r^S^(supercoil) DNA°1 nsjul 31 
<y 8^r ^-^ 2 ^ (pGEMLf ) (BamH I/Not I)-§- M-Bfi^^ ^Jo|cf. 

-8--$ £fl 2 ^-(negative control)3Ai p BacPAK8-§- A}-g-*]-£_o ^, cfl 
2-^-(positive control)3.-fe- 2.1kb ^-SBflfl -fr^T^r pGEMLf* ^fl^JL 

± BamH I/Not IIS ^i&aH ^f-§-§}^4. S 3*1 (probe) 3 e^Siflfl 
cDNA^ N-lobe^ «J ■¥•£■■§• DIG-label*r°1 ^-§-§>^A^, v+^v} «}■$}. 

^•^1 *fl2^- uHf3«M&|2: DNA°IM °<*^ cflS-f^ ^-^th 2.1kb°lH 
o](band)7r M-Bj-tf-i: 5^. £ 1^°fM -idttr 

^ ^3^51 DNA1- 7}x)jL £0] ^^s]^cf. 

^ si (cell lysis buffer) (50mM Tris-HCl, pH8.0, 5% 2-H^S.oti ^-g-, 0.4% 
w/v SDS, lOmM EDTA)3 ^ifl^}^ ^-^r^-*^- #e)6>^lo>n]=. g 
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(coomassie-blue polyacrylamide gel running)* 't 1 *J *> SJ at <?Ve]-^s.s)) 
(anti-Lf)-i- «=»l-§-§H ^(western blot)* 

£6<H1 i4Efu+ 44 fl-o], 7fi 2 ^ 4o )s1 a ^^#(viral stock)* 
^m(Sf9H #cj A] ^ 4< y^ ^ ^ s e*4|S(Sf9)*r *M] 

(cell)* fl«M SDS-PAGESf OT-«KM fl(anti-Lf) Ab 

^ «l^fl ^(western blot)* *M8«- 44 ^ cfl ^(positive control) 3. 
4-§-€ M€ s^L*!)?! fc^^M SOkDa 3*1*4 

3*HH ^(band)7)- ^]§f^ ^^o^ # 7 ]aj. ^ ^ ^ 

■5**fl£(Sf-Lf)4H ^-Ssflfl ^r^^ol ^^* ^ ojcf. efl<=] 1^. 

A H^ »M«M, 2fe (Colostral soup)°M, eflo] 3 

£ ^^i(Sf9)ol^, ZLZ)3L eflt] 4, 5^ *ti££^ 4^1^ o] 

cf. £$3 §3-5L3flBi* (Densitometry H s^H ^S r &* «fl 

800mg/M# ^*Hr 3^3. hv^j 0 ^ 

SO Aspergillus) M#^(Nidulans)M- Aspergillus) Sl 

eMKOryzae)^ ^S^lfl <S°fl sfl #4. o^o]^ >g;<flaj 0.3.5= 

-a*M 4 : *fla^- fl-g- aj-g- 3# 

«*^li(Sf-Lf)» ^^*fl-^(freeze and thaw)^ °.S. *H3.* 

* 0*. 153-, 30§, 45-gr, 60-g- im°-sL #3]olJ= 9}^E. of 7} #Eflo]E 
(plate count agar plate) °fl JE.^*)- 0 ^. 

°fl D 1^# 6 1 ^r^5]^ <3* >fli(ceU)sq ^* 43 *M oj. ^ 

cfl^Jf (negative control) 3.^ Sf AH 5.* Srifl«H zft^-Q Sf-Lf4 % v £r 
H o>^^.S nl^«^( microassay)1 . ^af-flo.^ ^jjro} - 7} . 

IS. 1] 
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[#^# ol-8-7>^^] 

20 FBS(Fetal Bovine Serum)* ?* v °]-^ ^HS Af^- sf£sfl^-§- 3£r 

oj-g-^S. £^7j| cfl^ *r ^^cf. 
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[St 1 * 1] 

3^ «1 (tansfer vecterXD^j- f-Er^ 13 ] = (phLf-8)(2)» 2:**H ^ 

-fr^^7> ^El(pBacPAK) ^ #^«ll^^(polyhedrin) = 2.3.G\ (promotor) 

2] i^-g- «>5.S ^^tb 7 fl2:^ Ej ( P BacLf)(3)« ^S^Ji; 

^"71 7,fls* ^ « = ^e](pBacPAK6)(4)4 **fl wfllf^ifl^ 

^]S(Sf9)(5Hl aS€^^(cotransfection)*M *fl2:* ^^^lX(Sf-Lf)(6)# *il2 

[St 7 -* 2] 

wfl<£^-§- ^Aj«.e|§].o^ ^^ofl ^fl^ -^-7) «^Afl3E3.JfiH uj-a- tafo] e.^ 

^(progeny virus)!- <£fe #*|# c| 5£f-«ffe ^8-2.3. sj-fe- 5f/i|If oj-g- 

[St 1 * 3] 

^ ^£i(tansfer vecter)(l)Sr #E|-^ n l E. (2)» 2f-§f^ ^^1^1 

-fr^7r7} «] E) (pBacPAK) vflo] ^ej«UHfa ^_%^Y ^ 

W ^ «]Ei( p BacLf)(3)l- *}^}3L; 

A cM ^-^ tfjEil- tgs. «)E^(pBacPAK6)(4)Sf ^] »V$7]yj{4\ 

^li(Sf9)(5H lfl^^)^(cotransfection)«H ^flS^- ^^^li(Sf-Lf)(6)l- *)l2 

A cM *fl2:# ^#^l^(Sf-Lf)(6)S.-¥-Bl A}i£ ^£3)1 ^*Kr #3]; 

3. o^o^fe. aj-ig O.S. *\}2i£\$r ^8.3.3. A>sJ- B^sfleJ. 

[St 7 -* 4] 

^ ^(tansfer vector) (1)^- AflS* #5f^^ = (2)1- S**M ^-£31 ?1 
-n-^7>7f ^E^KpBacPAK) vfl£| ♦ejifls.fl = 3.3.33 A3i 
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^ «?B](pBacLf)(3)l- *H2:S]-JL; 

^l£(Sf9)(5)ofl ^^-^^^^(cotransfection)t!: ^-§- *fla^ «*4|S(Sf-L£)(6)* 

3. ^l^l^. ^1^5]^ 3^ f^o^ ^ Hj-ojei^. 

5] 

*U#3 aj-^cH] SJ*H *flS^ Af^- ^Ssflfl^: *14§#3|- 
[^T 1 * 6] 

cepacia), Tr^£>4i -^rE] ^-\{Pseudomonas putida), ^S-^ef Ej 3*| ^ e] -g- 
(Salmonella typhimurium) , Tf££U^ triel]^ (Pseudomonas fluorescence) 
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£ ^^MlSl- °l-g-*H ^ ^£3] fl (Lactoferrin) U n *fl 

#7l ^2«o v ^^r ^ «]Ei(tansfer vecterXl)^ ^flS 
^ #8^1 = (2)» 2:^V^ -R-#*}7}- «)E-l(pBacPAK) tfl^ #3 

sfl = ^(polyhedrin) = SJ2.EKpromotor)sl S^-i- ^S.-^- ^ t!" *fl^^ 
^B](pBacLf)(3)» ^]2*VoL; #7l ^2:^- ^ «q -a- 
(pBacPAK6)(4)fif ?M wfl^l^ ^#^S.(Sf9)(5H ^E^AgjjA^ 
(cotransfection)*M ^4)S(Sf-Lf)(6)# ^I^^JI #7l ^2^- 

^liS.^-Ei 7]]^^ ^ *fl2SKn; 41-7] ^^j- e^^lS 

(Pseudomonas cepacia), ttSS-M-^ ^-^^(Pseudomonas putida), tt£S_M- 
^ 3] ^^(Pseudomonas fluorescence), #S^b} eJ 3*^33- 

(Salmonella typhimurium), °] &ty°](E. colOQ QS: e) oj-sq. 
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